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Low calcium intake is common worldwide and can result in nutritional rickets in children and osteomalacia in
adults. Calcium-fortified foods could improve calcium intake. However, there is limited calcium fortification expe-
rience, with technical and practical issues that may hamper its adoption. The objective of this landscape review is
to summarize these issues to help policymakers guide the planning and design of calcium fortification as a public
health strategy. One challenge is the low bioavailability of calcium salts (∼20–40%); thus, large amounts need to
be added to food to have a meaningful impact. Solubility is important when fortifying liquids and acidic foods.
Calcium salts could change the flavor, color, and appearance of the food and may account for 70–90% of the total
fortification cost. Safety is key to avoid exceeding the recommended intake; so the amount of added calcium should
be based on the target calcium intake and the gap between inadequate and adequate levels. Monitoring includes the
quality of the fortified food and population calcium intake using dietary assessmentmethods. Calcium fortification
should follow regulations, implemented in an intersectorial way, and be informed by the right to health and equity.
This information may help guide and plan this public health strategy.
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Introduction
Very low calcium intake is common in low-income
settings,1,2 which can result in rickets in children
and osteomalacia in adults and an increased risk
of osteoporosis.3 It is also associated with other
adverse health conditions, including preeclamp-
sia and hypertension.3,4 Calcium supplementation
trials before and during pregnancy have shown
a reduction in the incidence and severity of
preeclampsia.5–7 Based on these trials, the World
Health Organization (WHO) recommends calcium
supplementation in pregnancy, particularly in set-
tings of low calcium intake.8 However, there are
major barriers to scaling-up the adoption of this
WHO recommendation, such as calcium pill bur-
den, high cost, low adherence, complex supply
chains, side effects, and the nonuse of health ser-
vices. Also, fortifying foodswith calcium forwomen
in pregnancy or prepregnancy9 does not benefit
other segments of the population that may also
need to improve calcium intake. Therefore, the dis-
cussion has changed to the option of fortification
of staple foods with calcium as an effective means
to help achieve adequate levels of calcium intake.
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Calcium fortification could reach remote popu-
lations or populations that lack contact with the
health systems.
Calcium intakes below 600 mg/day have been
reported in national surveys from Argentina,
Bangladesh, Brazil, Bolivia, Cambodia, China,
Indonesia, Japan, Kenya, Malaysia, Pakistan, the
Philippines, Thailand, and Turkey.1 It has been
estimated that an additional 400–500 mg/day of
calcium may be needed in these countries,2 an
amount feasible to be included in a food forti-
fication strategy. However, there are only a few
experiences with national food fortification of
calcium worldwide,1 such as the mandatory cal-
cium fortification of wheat flour in the United
Kingdom since 1943.10 Although this program has
been successful in improving calcium intake in the
British population,11,12 it is usually not mentioned
in reviews on food fortification. The limited aware-
ness on the prevalence of low calcium intake, along
with little pressure from the population, thwarts the
efforts toward including calcium-fortified foods in
public health strategies. Also, there are challenges
related to technology, feasibility, acceptability,
and safety of a fortification of foods with calcium
that may hamper its adoption, which may need
additional research.
This landscape review aims to explore and syn-
thesize the practical considerations for the planning
anddesign of fortifying foodswith calciumas a pub-
lic health strategy to improve calcium intake. It is
structured in the following five sections: (1) techni-
cal issues related to the calcium salts available for
food fortification; (2) estimation of the safe, effi-
cacious, and feasible amount of calcium to add to
foods; (3) factors related to the selection of the food
vehicle; (4) monitoring and evaluation of calcium-
fortified foods; and (5) ethical aspects related to
calcium-fortified foods. This review could be used
as a guide when implementing this public health
measure in settings with low calcium intake. A
detailed description of the success of foods fortified
with calcium worldwide can be found elsewhere.1
A literature search was performed for each of
the sections included in this landscape review. The
information was identified through internet search
engines and databases, such as Google, PubMed,
Agricola, and CINAHL, using the following terms
“fortification or fortificant,” “calcium or calcium
salt,” and “foods and/or beverages.” Reports from
theWHO, Food Agriculture Organization, Institute
of Medicine, Global Alliance for Improved Nutri-
tion (GAIN), Micronutrient Initiative, Food Forti-
fication Initiative, European Food Safety Authority,
and CODEX were also reviewed as well as the refer-
ences cited in many of the studies and reports. For
additional information, experts in food fortification
and calciumwere contacted via e-mail, calls, and in-
person meetings.
Physicochemical characteristics and cost
of calcium salts used for the fortification of
staple foods
There are different calcium salts approved to be used
as food fortificants (e.g., calcium carbonate, cal-
cium chloride, and calcium citrate; see Table 1).13–23
Most calcium salts used in food fortification for
human consumption have a bioavailability ranging
from 20% to 40%.24 Their solubility, source, inter-
action with the food and/or with a whole meal, and
bioavailability vary widely.
Calcium content of salts
There is great variability in the proportion of ele-
mental calcium in different salts, ranging from as
low as 7% for calcium glubionate to as high as 71%
for calcium oxide (Table 1).
Bioavailability of salts
One of the most challenging technical issues in
calcium food fortification is the low bioavailabil-
ity of calcium from different sources, including
calcium salts. Bioavailability is the amount of
calcium that the body absorbs. This depends on
several factors. For example, bioavailability is lower
if calcium is consumed with an empty stomach
compared with a light meal.24 When a dose of 250
mg of elemental calcium is given with a meal, the
absorption of calcium is 35% from malate citrate,
27% from calcium carbonate, and 25% from trical-
cium phosphate.24–27 When comparing 11 different
calcium salt combinations (single compound or
combinations of salts), the bioavailability was 20–
40%, which is within 10% of the bioavailability
of calcium from milk (which is about 30%).24 An
exception is calcium citrate malate, which has
been shown to have greater absorption compared
with tricalcium phosphate/calcium lactate when
500 mg was added to orange juice among healthy
premenopausal women.28 This variability is prob-
ably reflecting the interaction with the food or
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aElemental calcium absorbed in the body.
bCalcium carbonate can come in various forms for use as dietary supplements, such as dolomite, bone meal, and oyster shell.
In terms of calcium equivalents, which can be calculated by the amount of the calcium salt (mg cation+mg anion, ormL of a specified
concentration) or the amount of elemental calcium (in mg, mEq, or mmol), these salts vary a little.
∗Calcium has a valence of +2, so mEq = 2 × mmol.
beverage vehicle. For example, calcium citrate
malate added to fruit juices has greater absorption
when added to apple juice compared with orange
juice (tested in the same individuals) or when
compared with the pure calcium salt in water.24
One of the difficulties when fortifying with cal-
cium is the large amount required to be added to
a food vehicle to cover the population’s calcium
intake needs. A highly bioavailable calcium salt
could be considered to avoid affecting the sensory
properties of the food, although it does not change
the amounts needed owing to the bulky nature of
calcium.
Phytic29 or oxalic acid30–32 reduces calcium
bioavailability. To counteract this effect, certain
types of enhancers can be added to the pre-
mix. Hydrolyzed proteins and peptides can bind
or chelate calcium and facilitate calcium absorp-
tion by preventing precipitation in the small intes-
tine. One example is casein phosphopeptides. A
study using calcium radioisotope showed that
casein phosphopeptides significantly promoted cal-
cium absorption.33 There are several sources of
hydrolyzed proteins and peptides, such as from
whey (germs and proteins), fish bones, krill, algae,
and barley, among others.34
Solubility of salts
In general, increasing solubility increases calcium
absorption. Except for oxalate, most types of cal-
cium salts have fairly good solubility. Citrate,
malate, or bisglycino calcium have been shown to
have very high solubility.35
Solubility can be important, depending on the
type of vehicle (liquid or solid). For example, for
milk, fruit juices, and other beverages, solubility,
dissolution characteristics, and stability of ingre-
dients in solution are important to consider. In
these beverages, the calcium salts can settle in the
bottom of the container and even vigorous shak-
ing is not enough to suspend the calcium salt.24
In these vehicles, high-soluble calcium salts are
preferred, such as calcium citrate, malate, lactate,
or gluconate. However, the bioavailability of some
of these salts can be low (9–13%). If the beverage is
acidic, such as in orange juice, these salts are often
used because the acidity of the fruit increases the
solubility of the calcium salt and therefore, it may
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increase bioavailability. However, the acidity can
also cause problems of stability with calcium pan-
tothenate. In other nonacidic foods, manufacturers
often decrease the pH to improve solubility. Also,
when using low soluble calcium salts, sequestering
agents with pH adjustment are added to prevent
sedimentation. Also, stabilizers such as carrageenan
and guar gum are added. This is a common practice
when fortifying milk, milk-based beverages, and
products such as yogurt and cheese, to maintain
calcium in suspension and to improve mouthfeel
and appearance. For soy milk, stabilizers such as
sodium hexametaphosphate or potassium citrate
are used when they are fortified with calcium glu-
conate or lactogluconate.36 Other calcium salts have
higher bioavailability, but they may give a bitter or
salty taste. Calcium carbonate has high bioavail-
ability but low solubility. A good combination is
tricalcium citrate, which has a high calcium level
(21%) and moderate solubility (1 g/L). Tribasic
calcium phosphate, calcium carbonate, and calcium
lactate gluconate are used for milk, yogurt, and
cheese, but the cross-linking between calcium with
proteins, phosphates, and pectins may result in
calcium sedimentation; therefore, chelating agents
and stabilizers may be needed.16,37 Alternatively,
calcium salts with high dispersion, such as trical-
cium citrate, could be used to prevent this. Also,
calcium salts could be combined, for example, by
adding calcium citrate or organic acid. Calcium
gluconate is soluble but may interact with other
ingredients in the product and affect flavor.38
Interaction with the food and/or with
a whole meal
In terms of organoleptic changes, it is important
to take into account flavor, the mouthfeel of the
finished product, odor, and color. It is known that
calcium fortification may increase acidity, chalki-
ness, bitterness, and change the flavor of the food
through calcium or associated ions. To avoid these
undesirable effects, manufactures often use chelat-
ing agents (e.g., tripotassium citrate) or stabilizers
(e.g., sodium hexametaphosphate, potassium cit-
rate, and carrageenan).16
Calcium ions may affect flavor depending on the
type of salt used, the foodmatrix, and the industrial
process. Most calcium salts are bland, although cal-
cium citrate has a tart flavor, calcium hydroxide is
slightly bitter, and high concentrations of calcium
chloride and calcium lactate can be unpleasant. A
study testing different calcium citrate malate lev-
els added to orange juice found that the addition
of up to 600 mg in 240 mL did not reduce con-
sumers’ acceptability, although it did make the bev-
erage more astringent.39 Also, calcium carbonate,
dicalcium phosphate, tribasic calcium phosphate,
and calcium sulfate can provide a chalky taste and
have a grittymouthfeel, particularly if added in high
amounts.39
Most salts are either white or colorless, so they do
not change the color of the product.13,14,18,21 How-
ever, some insoluble calcium salts could lighten the
food color. On the other hand, soluble salts may
interact with other food components, such as tan-
nins, to cause darkening. Also, calcium can inter-
act with anthocyanins containing vicinal hydroxyl
groups, causing a red-to-blue color change.40
In terms of appearance, the addition of calcium
to high protein beverages can destabilize the pro-
tein, with sedimentation at the bottom. Therefore,
to avoid sedimentation and improve mouthfeel and
appearance, soy lecithin is often used to coat cal-
cium ions for calcium fortification of plant-based
milk.41
Because of these sensory issues, a few studies
have evaluated the acceptability of calcium added to
foods. For example, a study tested the sensory prop-
erties of wheat-flour tortillas fortified with calcium
lactate, carbonate, or citrate.42 The fortified tortillas
contained 114 mg of calcium per 48 g of tortilla,
which is about nine times higher than the calcium
content of the nonfortified version. The fortifica-
tion did not change the moisture or rollability of
all tortillas. Appearance, texture, flavor, aftertaste,
and overall acceptability were good in all tortillas,
but participants preferred the fortified tortillas
with calcium carbonate over the control tortillas.
Willingness to purchase tortillas was similar among
all types of tortillas. Addition of calcium citrate
malate to orange juice (up to 600 mg in 240 mL)
did not reduce consumers’ acceptability, although
it did influence the astringency of the beverage.39
Other nontraditional, experimental sources
of calcium
Other sources of calcium are being experimen-
tally used by the food industry, such as eggshell.
Eggshell is composed of inorganic salts (92%),
mainly calcium carbonate (98%), magnesium
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carbonate (0.8%), and tricalcium phosphate
(0.8%).43 In addition, the use of eggshells can
contribute to the reduction of food waste. A study
in Lithuania tested eggshell powder as a calcium
fortificant for rye bread at different doses (from 2.5
to 12.5 grams).44 They found a better appearance of
the crust, the color of the crumb, flavor, and overall
acceptability compared with the control bread, with
the best quality shown for the bread containing
5.0 g of eggshell powder. Because the shell of one
egg contains 2.07 ± 0.18 g of calcium, it is a very
rich source. More studies assessing food matrix,
sanitary quality, feasibility, cost-effectiveness, and
bioavailability are required before eggshell powders
can be used. Another study used tuna bone bio-
calcium to fortify whole wheat crackers, reporting a
good quality and sensory properties,45 although the
acceptability of this source of calcium has not been
reported yet. Calcium derived from marine algae
has also been tested in vitro and in animal studies as
a potential calcium source for food fortification.46,47
Potential interactions with other nutrients
The amount of calcium and the food vehicle to for-
tify should be carefully considered so that other
key nutrients are not affected. Based on short-term
studies, calcium supplements inhibit iron absorp-
tion by 28–55%;48 however, long-term studies (6
months–4 years) showed no effect of calcium sup-
plementation (500–1200 mg/day) on iron status
in individuals of different ages and gender.49–57
Calcium supplementation may also decrease zinc
absorption and balance in healthy women58 and
premature infants.59 The long-term effect of these
interactions should be studied further to con-
firm if they pose a detriment. As argued by
Lawrence and Mark,60 the evidence on food for-
tification should not be restricted to individual
foods and how these affect health, as eating is
part of a complex system that includes food, tra-
ditional cuisine, social/environmental/public health
interventions, and nutrient intake patterns, among
others.
Cost
The cost of calcium salts can vary widely. The start-
up cost of food fortification is relatively inexpen-
sive for the food industry. In general, the greatest
recurrent cost in a food fortification program is the
premix,61 accounting for 70–90% of the cost.62,63
This cost will vary if only fortifying with calcium
or if the food is already being fortified with other
micronutrients and the cost involves just adding cal-
cium to the preexisting premix. Among industrial-
ized countries, these costs are generally absorbed
in the price of the fortified food product. However,
among lower-income countries, there is less margin
to absorb fortification costs, even if relatively low,
which is an important deterrent for the food indus-
try to become involved in market-driven fortifica-
tion. Among all calcium salts, calcium carbonate is
themost often used by the industry as it has the low-
est cost, usually less than that of flour.
Estimation of safe, efficacious, and
feasible amounts of calcium to add to
foods
When establishing the calcium fortification dose,
safety is of paramount importance. This is mea-
sured as the percentage of the population exceeding
the upper limit, which is the maximum daily intake
unlikely to cause adverse health effects.
Setting the amount of calcium to fortify in
foods
Before adding calcium to new foods or the fortifi-
cation premix in an existing program, knowledge
about usual calcium intakes in the target population
is one of the first steps (Box 1).64,65 There should
be a compromise between the acceptable preva-
lence of inadequate calcium intakes, the potentially
adverse interactions of calcium with other nutri-
ents (e.g., iron and zinc), the risk of exceeding the
calcium upper limit for certain groups with usual
high calcium intake, the adverse effects in taste,
color, and odor of the calcium salt with the food
vehicle/matrix if added at higher levels, and the cost
of the fortificants. It is important to set a target for
the prevalence of inadequacy, rather than a target
mean intake.65 Therefore, a suggested initial target
is to aim for about 2.5% or 5% of intakes to fall
below the average requirement in each population
group.66
Simulation software for setting the amount of
calcium to fortify in foods
The WHO Intake Modeling, Assessment and Plan-
ning Program software program (IMAPP)67–69 is
a user-friendly software that assists in the estima-
tion of the amount of a fortificant that would have
to be added to a food vehicle to reach the desired
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Box 1. Steps in setting the amount of calcium to be added based on nutritional
needs, calcium compound, and food vehicle64,65
Step Recommendation
Measuring food intakes Data can be obtained from a national nutritional survey representative of different
age groups and gender. It is recommended that data be collected as 24-h recalls
or food records from at least 2 nonconsecutive days in different days of the week
to calculate the individual variability.101,102 The second recall can be done in a
subset sample.
Calculating calcium intakes Using data from the 24-h recalls, nutrient intakes need to be calculated, preferably
from a nationally representative food composition database. If this is not
available, regional food composition databases can be used.
Adjusting the distribution of
calcium intakes
Using data from the two 24-h recalls, statistical adjustment is needed to adjust for
within-individual nutrient intake variation to obtain usual nutrient intakes by
age and gender. This can be done using the IMAPP, even if a second 24-h recall
is not available, as it will estimate the variability using an external
within-individual variability.
Assessing the prevalence of
inadequate calcium intakes
This is done based on an established cut-point for each nutrient to calculate the
prevalence of inadequate intakes based on the proportion of individuals with
usual intakes below this level, for most nutrients.
Assessing the prevalence of
potentially excessive
calcium intakes
This can be calculated based on the proportion of individuals with intakes above
the tolerable upper level.
Selecting the food vehicle to
fortify with calcium
This step requires knowledge of the level of consumption of staple foods by age and
gender. It also requires consideration of other nutrients being fortified in these
staple foods to understand potential interactions and presence of certain
substances that can interfere in calcium absorption, such as phytates and
oxalates, as discussed before. Also, this vehicle must be consumed in enough
quantity by the population at risk of deficiency and preferably not by the
population with high intakes when there are concerns about excessive intakes.
Estimating the desirable
calcium fortification levels
This can also be estimated using IMAPP. For this, a target median intake of
calcium must be set in addition to the nutrient intake gap, which is based on a
selected target prevalence of inadequacy (e.g., 2.5%, 20%, or other). This
software will then calculate the different intake levels using different levels of
fortification. The amount of calcium required to reposition the median to the
target median intake equates to the amount of calcium needed to add to the food
vehicle. The software will simulate the percent of the population that will still
have inadequate intakes with the level chosen, by age and gender. It will also
calculate the percent that would have excessive intakes. An acceptable
percentage for excessive intake is 2–3%; if above this level, the level of calcium to
be added should be reduced and the simulation should be rerun. However, some
scenarios may not allow to achieve the target prevalence of inadequacy while
ensuring an acceptably low prevalence of excessive intake.
Selecting the appropriate
calcium salt
The type of calcium salt to use will depend on the food vehicle, the amount of
calcium that is needed to close the gap, the bioavailability and stability of the
calcium salt, the amount of competing substances (e.g., phytates and oxalates) in
the food vehicle, other fortificants being currently added, and the sensory
properties of the food vehicle.
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Table 2. Simulation study for potential calcium fortification programs in Canada72
Total calcium intake would
increase by (mg)
Proportion of population exceeding
the recommendations (%)
Product
Level of calcium addition
(mg) per serving Men Women Men Wome
Breads, cereals, and rice 55 83 48 2.27 0.10
Breads, cereals, and rice 165 427 289 6.29 0.21
Noncarbonated beverages 300 59 29 3.50 0.10
All types of beverages
(including juices and
carbonated beverages)
300 433 273 7.52 0.62
Note: Calcium recommendation in adults ranges from 1000 mg/day (adults 19–65 years and lactating females), 1200 mg/day (preg-
nancy), and 1300 mg/day (postmenopausal women and men 65+years).
prevalence of nutrient inadequacy. It is used as a
simulator of different fortification scenarios to iden-
tify the best food vehicles to fortify and estimate
howeffective a fortification programwill be. IMAPP
is available to download from the ISU website67 and
has a comprehensive user guide. Currently, IMAPP
is being used to implement the WHO/FAO Guide-
lines on Food Fortification with Micronutrients.16
In Uganda, it was used to identify several appropri-
ate food vehicles and estimate the potential bene-
fits of food fortification.70 It was also used to sim-
ulate the impact of water with added calcium in
Argentina, Bangladesh, Uganda, the Lao People’s
Democratic Republic, and Zambia.71
Simulation studies for the potential
fortification of foods with calcium
In Canada, calcium fortification of some foods
has been under evaluation. Different models were
developed using data from a large national sur-
vey (n = 1543) to determine which scenario would
most effectively reduce the proportion of the pop-
ulation with low intakes of calcium (mean calcium
intakewas 730mg/day inwomen and 959mg/day in
men) while minimizing the proportion of individu-
als who exceeded the tolerable upper intake level.72
Table 2 shows different scenarios for the fortification
of flour products (breads, cereals, and rice) and bev-
erages with calcium. If flour products are fortified at
55 mg per serving, the proportion of men exceed-
ing the upper limit for calcium (based on the usual
intake of these foods) would be 2.3%. If 165 mg of
calcium per serving is added to flour products, 6.3%
in men would exceed the upper limit. If only non-
carbonated beverages are fortified with 300 mg of
calcium per serving, 3.5% of men would exceed the
upper limit, but if all types of beverages were for-
tified with this amount, then more than 7% of men
would exceed the upper limit. Forwomen, these sce-
narios have minimal impact. Therefore, a targeted
fortification for womenmay be more appropriate in
this setting.
In Finland, calcium intake is adequate so there is
a concern of potential excess of calcium intake with
the free circulation of calcium-fortified products as
part of the EuropeanUnion. Therefore, a study sim-
ulated the contribution of calcium intake from forti-
fied foods using population-based data.73 On aver-
age, calcium intake was 1197 mg/day in men and
996 mg/day in women, in which 74% came from
dairy products. Different scenarios were calculated
depending on the food fortified (Table 3), showing
that calcium intake would exceed the upper limit in
most scenarios in men. In women, this would only
occur if all of these foods were replaced by their
fortified version at once. However, among individ-
uals in the lowest decile of calcium intake, only for-
tification of juice and wheat would be beneficial
as these individuals have very low dairy product
intake.
In the United States, about 50% of the popula-
tion was found to consume fortified foods.74 The
prevalence of calcium intakes exceeding the upper
limit was found among 1- to 3-year old’s in the
highest quintile (0.3%). Among adults, an increased
probability of consuming calcium intake above the
upper limit was also found.
The three countries described above are coun-
tries with generally high levels of calcium intake
and low rates of inadequacy. Fortifying foods
with calcium would not be recommended in such
countries.
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Total calcium intake among
those with the lowest
calcium decilea
Total calcium intake among




addition (mg/100 g) Men Women Men Women Men Women
Fruit juice and
fruit drinks
120 158 175 ∼600 ∼550 2473 1987
Low fat and
fat-free milk



















472 335 307 800 650 2650 2119
Total 966 787 – – 3281 2599
aData are ordered from lowest to highest on a scale of 1 to 10.
Excessive calcium intake (>2500 mg/per day)
is not very common from the consumption of
foods rich in calcium. However, this could result
from the use of calcium supplements among pop-
ulations with already high calcium intake from
foods and this may increase the risk of hypercal-
cemia, renal insufficiency, milk-alkali syndrome,
and even kidney stones.75 Some studies have also
shown a greater risk of cardiovascular events76–80
and prostate cancer,81,82 although more recent large
meta-analyses have questioned this evidence.83,84
These potential risks are inconsistent, inconclusive
as to causality, and insufficient to inform nutritional
requirements.85,86 In addition, the trials using 1.5–
2 g in prepregnant and pregnant women did not
show adverse events.5,6 Considering that adding cal-
cium to foods would not increase calcium intake to
the levels of calcium supplementation, it seems safe
to do this, particularly among populations with low
calcium intake.
A potential risk of the addition of calcium to
a fortification program is if it is combined with
other nutritional programs in an uncoordinated
way. For example, in some countries, there is for-
tification (mandatory or voluntary) of staple foods
with one or more micronutrients, supplementa-
tion programs with some vitamins and minerals,
and use of fortified blended foods or micronu-
trient powders for vulnerable groups. Addition-
ally, the food industry is also voluntarily fortify-
ing a few processed foods and in some countries
of Latin America, Africa, and Asia, biofortification
of staple crops is also in place (more details about
this have been published elsewhere).1 Therefore,
there is a concern that in some countries, particu-
larly in high-income countries, all these events are
occurring simultaneously without proper monitor-
ing, which could lead to excessive calcium intake.
This has been evident in recent reviews,87,88 and
based on these reviews, country-specific recom-
mendations and guidelines were developed to sup-
port the implementation, monitoring, and evalua-
tion of the impact of food fortification programs.
In particular, a National Food Fortification Board
was suggested to be created in countries consider-
ing food fortification programs.87,88
Factors to consider when selecting the
food vehicle for calcium fortification
Selecting the food vehicle to fortify with calcium
should take into account the following:
 Identify all potential foods that can be for-
tified with calcium in a particular setting.
These should be consumed in fairly constant
amounts bymost individuals in the population
with low or no risk of overconsumption, so
that fortification levels can be accurately calcu-
lated. At the same time, it should be a food that
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is affordable to the low-income groups, which
are more vulnerable to low calcium intake.
 Identify foods that are processed centrally in
large enough units to allow the control of the
fortification process.
 Evaluate compatibility between the existing
food production and distribution systems. The
goal is to achieve aminimal loss of the calcium
during processing, storage, and final prepara-
tion of the food.
 Assess sensory properties of the food vehi-
cle; the addition of calcium should not lead to
changes in taste, appearance, or color of the
final product.
 Assess storage stability; although calcium is
very stable, sedimentation could be a problem.
In certain settings, it may be better to add cal-
cium to foods that are targeted specifically to certain
populations. This will depend on the results from
the baseline calcium intake data to identify themost
vulnerable groups concerning calcium intake.89 For
example, if the most vulnerable group for calcium
intake in a particular population are young chil-
dren, then complementary foods, foods developed
for school feeding programs, and special biscuits
for children could be fortified with calcium. If preg-
nant women are the target, then special biscuits
or fortified blended foods could be fortified. Also,
household fortification could be designed through
soluble or crushable tablets, micronutrient-based
powders, spreads, and porridges.89 This approach
may be particularly helpful if other groups in the
population may be at risk of excessive intake if food
is fortified with calcium at the national level.
Monitoring and evaluation of
calcium-fortified foods
As with any food fortification, adding calcium to
foods requires adequate monitoring and evaluation,
and resources should be allocated during the plan-
ning and design phase of the strategy.16 Appropriate
and high-quality data-collection systems and con-
tinuous and comprehensive monitoring and evalu-
ation systems are needed once the food fortification
is initiated.90
Regulations and national strategy
The Food and Agriculture Organization (FAO)91
established that the minimum level of any vita-
min or mineral in a fortified food per daily portion
of consumption should be 15% of the WHO/FAO
nutrient recommendations.92 The FAO also states
that manufacturers should take into account the
established scientific upper safe levels of these nutri-
ents, considering different consumer groups and
contributions from other sources. In the case of cal-
cium, the upper limit (highest level likely to pose no
risk of adverse health effects) is 2500–3000 mg per
day.75,93
Fortifying foods with calcium must follow regu-
lations and should be designed within the country’s
national strategy for the prevention and control
of micronutrient deficiencies.16 Several countries
have established specific regulations for calcium
food fortification.94 Some specify the amount and
type of calcium that can be added depending on
the food vehicle and other technical details. These
regulations are either done proactively, to help
promote general health, or reactively, to protect
the health and safety of the population.60 How-
ever, some countries do not have well-established
regulations for food fortification with calcium. If
well-established regulations are not in place, the
food industry could arbitrarily start fortifying foods
if they can do so or start doing it because of the
demand from the population for such foods. Even
if the country has regulations for calcium forti-
fication, this needs to be coordinated with other
programs being implemented in that setting.
WHO/FAO guidelines for monitoring and
evaluation
The monitoring and evaluation of calcium-fortified
foods could follow the WHO/FAO framework.16
It should include the monitoring of the
manufacturing of the calcium-fortified food to
check for the quality of the food vehicle and that the
amount of calcium added in the premix is adequate.
Also, it should monitor the distribution in retail
stores to make sure it is reaching the most vulner-
able groups. Monitoring should also be done at the
household level to ensure that the target population
has access to the calcium-fortified food, that it is
purchased and consumed in the amount predefined
to have an impact, and that the calcium-fortified
food is of the expected quality. Finally, it should
evaluate if the calcium-fortified food is improving
calcium intake at the population level and evaluate
potential excessive consumption. Because there is
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no available biomarker of calcium intake, dietary
assessment methods are needed.
Role of government in monitoring and
evaluation
Calcium food fortification requires clear legislation
set by the government.62 Typical government actors
include theMinistry of Health or Industry with spe-
cific units in charge of the management of the pro-
gram, of food safety and quality, and of the nutri-
tion information system or surveillance.62 Based on
the WHO/FAO framework,16 GAIN developed a
National Impact Model for Fortification Programs
using a three-stagemodel62 that can be used for this.
Also, GAIN developed the FACT toolkit with stan-
dardized methods for the collection, analysis, and
synthesis of data on quality, coverage, and consump-
tion of fortified foods across countries.89,95 These
tools are available at www.gainhealth.org.
Monitoring intake
Calcium intake should be closely monitored using
direct dietary assessment methods, such as 24-h
food recall and food frequency questionnaires.66
The same method used for the baseline should be
used to evaluate the impact of the intervention. In
this process, it is recommended that a logic model
be used to map the different program components
with its respective logical framework and matrix
indicators.96
Partnerships
Partnerships are key to this process.62 The public
sector (government) needs to formulate the regula-
tions of calcium-fortified foods. The private sector
(industry, suppliers of the premix, food laboratories,
etc.) should provide experience and expertise in
food production and marketing. The social sector
(academia and national consumer organizations)
should advocate the importance of food fortifica-
tion with calcium at the population level. However,
each group has different perceptions and goals. For
the public sector, the food fortification with calcium
could be perceived as a cost-effective solution to
low calcium intake, while for the private sector, it
could be perceived as additional costs and having
technical issues, but also as an opportunity to posi-
tion their product with a new value. Partnerships
will allow the harmonization of these issues.
Ethical and equity aspects of fortifying
foods with calcium
Food fortification with calcium is subject to ethi-
cal challenges, as with any other food fortification
program. The addition of calcium to foods must be
informed by the right to health, based on scientific
evidence, taking into account human-rights instru-
ments for the intervention and implementation. It
should benefit populations, avoid unintended harm,
and promote the principles of equity and social
justice.97
In the literature, the main ethical aspects stated
about food fortification are the accountability of
states and/or other stakeholders and the benefits of
this type of program.98 Some of these aspects con-
cerning calcium fortification are addressed below.
Mandatory versus voluntary fortification
Ethical considerations should also be applied when
determining if calcium food fortification should
be mandatory or voluntary. In this regard, the
WHO recommends to determine which option
would: provide the greatest benefit in the popula-
tion; reduce calcium deficiency the most; be more
feasible within available resources, policy frame-
works, and supply and demand; andwhat is the con-
figuration of the industry within the country.97
In countries with previous mandatory fortifica-
tion experience or with a food industry with previ-
ous experience with food fortification, mandatory
fortification of calcium may be more feasible and
even preferred. The reason is that it would provide
clear guidelines on the foods and the level of cal-
cium to fortify with, which will be standardized,
eliminating the potential competition or disadvan-
tages for those participating or not participating. As
argued by Lawrence and Mark,60 this may conflict
with individual rights and interfere with personal
freedoms. Furthermore, if calcium benefits the pop-
ulation with no potential harm to any group, it may
be unethical not to implement such intervention.
In countries without a formal food industry, it
could be challenging to comply with a mandatory
fortification. In this case, it may be more feasible to
have voluntary fortification of calcium; however, it
may not reach the most vulnerable populations and
may have a commercial objective, accompanied by
health claims that may potentially coerce the pop-
ulation into believing that they need the calcium-
fortified food for their well-being.60 The food
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industrymay also fortify foodswith calcium that are
not very healthy to improve the image of their prod-
uct and to claim that it is a rich source of calcium.
Benefit versus harm
When adding calcium to foods, the safety of groups
not affected by low calcium intake needs to be
assessed. Baseline data of calcium intake among
the different groups are necessary, as discussed pre-
viously. This should be disaggregated by gender,
age, rural versus urban, race and ethnicity, socioe-
conomic status, culture and language, occupation,
religion, and other relevant social determinants
(e.g., disability status, migration status, and political
environment). The WHO developed guidelines on
health equity97 and an assessment toolkit99 to help
in these important issues.
Reach and access
In settings in which the calcium-fortified food is
produced locally and in rural settings, a large-scale
fortification approach may not reach certain house-
holds. Therefore, concurrent measures may be
needed in such settings to prevent and/or mitigate
health inequities due to differential access.16 Cul-
turally appropriate messages should inform about
the rationale and purpose of the calcium-fortified
food, the health benefits, and even natural sources
of calcium as alternative means for improving cal-
cium intake.
Individualism versus collectivism
Policymakers should decide between individual-
ism (autonomy and freedom to choose) versus col-
lectivism (needs of the population as a whole).60
These principles may help reach a decision: neces-
sity and effectiveness of the public health interven-
tion; the extent of the benefits versus the harms; least
infringement of the intervention; and public justifi-
cation of the intervention.
Final considerations
Calcium intake needs are not fulfilled in many
populations. Fortifying foods with calcium could
have a crucial role to improve this situation. This
review has discussed the main considerations for
the planning and design of fortifying foods with
calcium. The type of calcium salt, food/beverage
matrix, amount of calcium to be added, presence
of other nutrients added, presence of enhancers
or inhibitors, sensory properties, and costs are all
important considerations when adding calcium to
foods. The acceptability and affordability of the food
vehicle, as well as a structured and well-controlled
monitoring and evaluating system to measure the
reach and impact of the food fortification, are also
key issues.
Since fortifying foods with calcium should be
based on the actual needs and realities of a popu-
lation group, country, or region, the one-size-fits-
all model is not possible, as this will depend on
all the factors discussed previously. A one-to-one
approach for each setting may be needed.
It is important to take into consideration that
fortifying foods with calcium should not replace
an adequate and diverse diet. Ideally, low calcium
intake could be prevented by ensuring the con-
sumption of healthy, balanced diets with the inclu-
sion of calcium-rich foods, such as dairy products,
which are concentrated sources of calcium with
high bioavailability.14 However, dairy products are
not widely available, accessible, or consumed in cer-
tain regions.100 Therefore, such a strategy should
be part of other global strategies for improving the
quality of the diet in general. This requires a level of
coordination at the national level, with a multisec-
toral approach.
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